The aim of this work was to assess quality deficiencies in three potato cultivars (Christian, Roclas, and Cumidava) during the storage period. According to the results, the Roclas presented the highest level of susceptibility to pathogens; this, however, can be attributed to the dry rot that causes greater damage in this cultivar. No significant positive correlations between the plant's vegetative parameters and the most dangerous diseases and pests in Christian were detected. There was a significant positive correlation between the biomass of the tubers and the silver scurf blemish disease, respectively between tuber numbers and dry rot in Cumidava and significant positive correlations between tuber numbers and the silver scurf blemish disease, between biomass of the tubers and dry rot, respectively between tuber numbers and wireworm larvae at Roclas. Altogether, we can conclude that the most susceptible cultivar was Roclas followed by Cumidava, while the least susceptible was the Christian cultivar.
Introduction
Potato is a high-value crop with complex production, storage, and utilization, and therefore, adequate prevention practices are necessary to obtain a healthy product [1] . It belongs to crops infected by many diseases that severely affect both above-ground and below-ground plant organs [2] . The development of more effective methods of controlling potato pests and diseases remains an important task facing agricultural scientists today [3] .
Quality deficiencies on potato tubers are on the increase and several reasons have been suggested to explain these deficiencies [6] . One reason can be the continuous increase in the use of ecological products (with much lower amounts of pesticides), leading to an increasing occurrence of pests and diseases [7, 8] . The increasing quality standard of markets may also influence tuber deficiencies: in 1980, around 70% of potatoes were sold unwashed; today, over 90% are washed [6] . The use of resistant varieties is probably the cheapest and the most effective method against diseases and pests. However, it is not always necessary to breed for a very high level of resistance. Incomplete resistance has often given an adequate level of control in the field [7] , [9] . Although many potato cultivars have been produced world-wide, there is a continuing need for new improved cultivars with high level of durable disease and pest resistance, acceptable yield quantity, and superior quality demanded by processors and supermarkets [10] .
The aim of this work was to assess the quality deficiencies that appear on three potato cultivars during the storage period. This is the first step in the development of potato breeding aimed at addressing the present and future requirements for healthier, higher-quality food, while addressing suitability for ecological agriculture [11] .
Materials and methods
The experiment was carried out on the research field of the National Institute of Research and Development for Potato and Sugar Beet, Brașov, Romania, Central Europe. The following three cultivars were tested: Christian, Roclas, and Cumidava, all developed at the above mentioned Institute. All cultivars were cultivated under the same field conditions and within a 50 ha area. The soil was chernozem with pH 6, containing 30% loam and 4.5% humus. The soluble phosphorus content was 50 ppm, while the soluble potassium content exceeded 100 ppm. Fertilization was applied uniformly to all cultivars with 700 kg/ha NPK (nitrogen, phosphorus, and potassium).
Cultivar description
Samples were collected at the seedling stage in April and May and from fruiting plants in August and October 2013. We collected young leaves (the topmost fully differentiated leaf), old leaves (the 6-8 th leaf counted from top to bottom), young fruits having yellow or green pericarps, biologically ripe, fully coloured fruits and peduncles of ripe fruits. In addition, young roots and stem samples were also analysed, the latter being taken 15 cm below the top.
Cultivar Christian
Genealogy: KE. 53 x CLEOPATRA Maturity: medium early variety. Tubers: oval tuber, red skin, yellow flesh. Plant: medium developed stems, well-developed foliage, semi-erect; medium sensitive to late blight on leafs and tubers; medium resistant to PVY; sensitive to PLRV; resistant to wart disease (Synchytrium endobioticum). Starch content: 17.0%, good cooking quality; cooking type B; suitable for early and summer-autumn consumption. Biological yield capacity: 70.6 t/ha [11, 12, 13] .
Cultivar Cumidava
Genealogy: ROESLAU x DESIREE Maturity: medium late variety. Tubers: round-oval tuber, red skin, yellow flesh. Plant: thick stems, well-developed foliage, erect; medium sensitive to late blight on leafs and tubers; very resistant to PVY; resistant to PLRV; resistant to wart disease. Starch content: 20.0%, good cooking quality; cooking type A/B; suitable for autumn-winter consumption. Biological yield capacity: 70.6 t/ha [11, 12, 13] .
Cultivar Roclas
Genealogy: HB 8 x GRANDIFOLIA Maturity: medium early variety. Tubers: oval tuber, yellow skin, yellow flesh. Plant: thick stems, semi-erect, robust; medium resistant to blight on leafs and tubers; medium resistant to PVY; resistant to PLRV; resistant to wart disease. Starch content: 17.0%, good cooking quality; cooking type B; suitable for early and summer-autumn consumption and processing (chips). Biological yield capacity: 65.9 t/ha [11, 14] .
All cultivars were planted on March 31, 2013, with 38,000 plants/ha, 35 cm between plants and 75 cm between rows. The first plantlets appeared on May 03 and the full flowering period was between June 13 and 23. No extremities in temperature and precipitation were detected during the 2013 vegetation period in the area. The overall climate conditions were ideal for potato cultivation in 2013. The storage of tubers was processed under new and modern storage system conditions with all parameters controlled. Storage phases of equalization, wound healing, cooling, holding, and reconditioning were followed, with optimal conditions of 710ºC temperature, 9598% relative humidity and CO 2 maintained at the lowest possible level.
Data collection
Analyses were made on plants during the 2014 vegetation period in JulyAugust in order to determine the relationships between the possible pests, diseases, and physiological problems that may infect cultivars in storage after harvest.
For each cultivar, four blocks of 40 m 2 study area each (a total of 12 blocks) were selected randomly, in the middle of the field, to avoid the possibility of side effects from field margins. All plants from each 40 m 2 area were then measured. Observations on foliage and shoots were repeated 3 times until July 31 for each cultivar. Plant height, total shoots, total leaves and foliage, and the plants' green biomass were assessed. Infection with Phytophthora infestans was assessed on green parts.
After July 31, all plants from the 12 blocks were collected and carried to a laboratory where the following data were collected: dry shoot numbers, dry leaves number, and tuber numbers; biomass of the upper parts of the plants, biomass of the roots and stolons, and biomass of the tubers. All collected tubers were examined on the basis of the eleven external and nine internal signs used under storage conditions. These observations were carried out until all plants from the experimental blocks were assessed (the total study surface being 480 m 2 ). From each cultivar, 1000 tubers/month were randomly selected and examined during the storage period (December 2013February 2014). Data from eleven external signs were collected and noted: three diseases (bacterial ring rot (Clavibacter michiganensis ssp. sepedonicus), common scab (Streptomyces scabies), and silver scurf blemish disease (Helminthosporium solani)), one pest (wireworms (larvae of Agriotes ssp.)), six physiological problems (the growing of small tubers on the main tuber (secondary growths), green colour, sprouting, drying, tuber distortion, exfoliation)), and mechanical injury.
Besides external signs, the data of nine internal symptoms were also collected: bacterial ring rot, late blight (P. infestans), potato gangrene (Phoma exigua var. exigua, P. exigua var. foveata), dry rot (Fusarium ssp.), bacterial soft rot/blackleg (Erwinia ssp.), wireworms, black and brown spots, and mechanical injury. This process was repeated 3 times for each cultivar during the entire storage period.
Data analysis
For the data assessed, the ANOVA test was used, and to determine statistically significant differences the Duncan post-hoc test was performed. First, all factors provoking damage were compared separately (i.e. damages caused by silver scurf at Roclas compared with damages caused by the same pathogen at Christian and Cumidava). Then, accumulative analyses were made, in which symptoms were classified and analysed according to their provoking factors: pathogens (bacteria, fungi), pests (wireworms), physiological phenomena, and mechanical injuries. The average proportions of diseases and pest and the average values of data on 1,000 tubers were considered for analysis. Pearson correlations between the plants' vegetative parameters and the most common and dangerous diseases and pests infecting particular plant organs during storage were calculated. These were: correlations between tuber numbers, biomass of the tubers, and the silver scurf blemish disease (H. solani); correlations between tuber numbers, biomass of the tubers, number of leaves and shoots per cultivar at full vegetation, the biomass of the green parts of the plants, and late blight (P. infestans); correlations between tuber numbers, biomass of the tubers, and dry rot (Fusarium ssp.); also correlations between tubers number, biomass of the tubers, and wireworms (larvae of Agriotes ssp.). Significant positive correlations between plant parameters, diseases, and pest were calculated and significances computed in SPSS Statistics. Average values of vegetative data and average proportions of diseases and pest on 1,000 tubers/assessment data/cultivars were considered for the analyses, and results were presented in the table.
Results and discussions
The studied cultivars did not present significant external signs of bacterial ring rot disease. There were also no signs of secondary growth, green colour, or exfoliated tubers. The mean proportions of the affected tubers per cultivar observed on the base of external signs are presented in Table 1 . It can be observed that the common scab affected all cultivars to a very high level, sometimes up to 100%. ANOVA revealed that there were significant differences between cultivars regarding the appearance of quality deficiencies ( Table 2) . Roclas presented a significantly lower proportion of infected tubers with silver scurf than Christian and Cumidava (Duncan test, p  0.006). Wireworms, however, preferred, in a significantly higher proportion, the Roclas tubers to the Cumidava (Duncan test, p  0.04) and the proportion of dried tubers was also significantly higher in Roclas than in Christian (Duncan test, p  0.05) ( Table 2 ). Considering the internal symptoms, statistics revealed that tubers did not present most of the pathogens causing severe diseases: bacterial ring rot, late blight, potato gangrene, bacterial soft rot, and blackleg were present in very low proportions, much below the infection level. Other problems caused by dry rot, wireworms, black spots, brown spots, and mechanical injuries were present in various proportions ( Table 3) . ANOVA revealed that dry rot causes significantly higher damage in cultivar Roclas (between groups Duncan test, p=0.01). The Roclas also has a significantly higher proportion of brown-spotted tubers than the other two cultivars (Duncan test, p=0.05). Considering the cumulative data comparisons of external signs, differences in pathogen susceptibility were detected as a significant factor, and the cultivar Roclas presented significantly lower damage. The cultivar Cumidava was less infected by wireworms than Roclas ( Figure 1A) .
According to the internal signs cumulative comparisons, Roclas presented the highest level of susceptibility to pathogens; this, however, can be attributed to the dry rot that causes higher damage in this cultivar. Wireworms also preferred, in a significantly higher proportion, the Roclas to the Cumidava. Physiological damage was again significantly more frequent in Roclas ( Figure 1B) .
No significant positive correlations between the plants' vegetative parameters and the most common and dangerous diseases and pests infecting particular plant organs at cultivar Christian were detected ( Table 5 ). There was a significant positive correlation between the biomass of the tubers and the silver scurf blemish disease, between tuber numbers and dry rot in cultivar Cumidava ( Table 5 ). There were again significant positive correlations between tuber numbers and the silver scurf blemish disease, between biomass of the tubers and dry rot, and between tuber numbers and wireworm larvae at cultivar Roclas ( Table 5 ). According to our study, common scab affected most of the stored tubers (in a proportion of 86100%) regardless of cultivar. Although common scab did not affect the yield, it greatly reduced tuber quality. Silver scurf was the second disease that appeared in high proportion on the stored tubers. Analysis of external symptoms showed that the quality of tubers was mostly affected by pathogens. The stored tubers were mostly destroyed in a proportion of 13.333.3% by wireworms. If not properly managed during the early growth stage of the crop, wireworms may adversely affect the quantity and quality of the potato yield. The presence of wireworms inside tubers increases the susceptibility to different diseases [15] . Studies have shown that the percentage of injured tubers damaged by wireworms was higher in small tubers than in large ones [16] . In our cases, wireworms were present with no significant differences in all cultivars although tuber biomass was significantly higher in Roclas than in Cumidava. The risk of wireworm damage can be reduced by the rotation of the field, with increasing the number of years between grass clover leys and potatoes [6] . Measuring beetle activity in a given locality should indicate the presence of an established local population, thus contributing to an assessment of the overall risk of wireworm damage [17] . Considering the cumulative data comparisons of external signs, the cultivar Roclas presented significantly lower damages. According to the internal signs cumulative comparisons, Roclas presented the highest level of susceptibility to pathogens; this, however, can be attributed to the dry rot that causes higher damage in this cultivar. Wireworms also preferred, in a significantly higher proportion, the Roclas to the Cumidava. Physiological damage was again significantly more frequent in Roclas. Plant resistance to pathogens and pests can be attributed to physical mechanisms such as skin colour or skin hardness [15] . The results of this study suggest that the two red-skinned cultivars, Cumidava and Christian, show promise as wirewormresistant potatoes.
The three cultivars presented similar characteristics in the growth and development of the above ground vegetative organs at the first two observations. The two medium-early cultivars were advantaged by their shorter vegetation period. There were differences in foliage and tuber reactions to late blight. Considering data from the vegetation period, statistics revealed that potato cultivars present significant differences in susceptibility to late blight disease. Cultivar Cumidava at the first observation period showed a significantly higher proportion of foliage and shoots infected with P. infestans than Christian and Roclas. This is because the late-maturing Cumidava was the most exposed to foliage and shoot infection with late blight. Similar studies [18] have noted that the early maturing varieties are more susceptible. Other studies have also reported that the medium and late maturing varieties varied in their resistance levels to bacterial soft rot [19] . These, however, were not demonstrated entirely in our research because, except for late blight, no other differences in susceptibility under field conditions have been detected. Using correlations as methods, significant positive relationships between factors (in our case, vegetative parameters and frequency of diseases and pests) can be predicted. In our cases, no significant positive correlations between the plants' vegetative parameters and the most common and dangerous diseases and pests infecting particular plant organs at cultivar Christian were detected. There was, however, a significant positive correlation between the biomass of the tubers and the silver scurf blemish disease, between tuber numbers and dry rot at cultivar Cumidava, between tuber numbers and the silver scurf blemish disease, between biomass of the tubers and dry rot, and between tuber numbers and wireworm larvae at cultivar Roclas. In summary, we can conclude that the most susceptible cultivar was Roclas followed by Cumidava and the least susceptible was the cultivar Christian. Further research, however, is needed to detect if these variations are stable under other climate conditions than Central Europe.
